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Introduction
Schistosomiasis caused by Schistosoma mansoni and other schis-
tosome species (S. japonicum, S. interculatum, and S. haemato-
bium) is the second most important parasitic disease worldwide 
following malaria.1 Studies suggest that around 779 million 
people are at risk of acquiring schistosomiasis worldwide.2 In 
sub-Saharan Africa, where more than 80% of Schistosomiasis 
occurs, around 393 million people are at risk of infection while 
about 54 million are currently infected.3

On the other hand, metabolic syndrome (MetS) is one of the 
complicated noncommunicable disease, affected millions of peo-
ple worldwide. According to the definitions of International 
Diabetes Federation (IDF)4 and National Cholesterol Education 
Program Adult Treatment Panel III (NCEP-ATPIII),5 to 

declare individual develops MetS expected to fulfill three or 
more of the following five criteria: arterial blood pressure 
⩾130/85 mmHg; central obesity (waist circumference, male 
<102 cm; female <88 cm); serum triglyceride level ⩾150 mg/
dL (1.7 mmol/L); serum high-density lipoprotein cholesterol 
(HDL-C) level <40 mg/dL (1.03 mmol/L) in male or <50 mg/
dL (1.29 mmol/L) in female; fasting glucose ⩾110 mg/dL 
(6.1 mmol/L).

In the last decades, animal model and human epidemiologi-
cal studies showed the prevalence of S. mansoni infection to be 
associated with reduced occurrence of MetS, such as diabetes 
mellitus (DM) and cardiovascular diseases (CVDs).6,7 In 
Ethiopia, S. mansoni infection is widespread in most parts of 
the country and the prevalence in endemic areas, such as 
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ABSTRACT

Background: Recent animal and retrospective human studies have demonstrated that Schistosoma mansoni infection may have poten-
tial to protect against development of metabolic syndromes. Thus, the aim of this study was to assess metabolic panel among S. mansoni 
egg positives and egg negatives in stool examinations. This study was a cross-sectional study, conducted involving 120 participants from 
S. mansoni endemic town (Kemise) and 61 from non-endemic town (Kombolcha), Northeast Ethiopia. Stool samples were collected and 
examined for S. mansoni and other helminths using Kato-Katz method. Furthermore, blood samples were collected and used for determina-
tion of blood sugar, lipid profile tests, insulin, and C-reactive protein. Data were analyzed using SPSS software version 20. Chi-square test, 
independent mean t-test, and logistic regression models were employed on data. P values less than .05 were considered as statistically 
significant.

Results: S. mansoni infected participants (n = 41; all from Kemise) had significantly lower levels of fasting blood sugar, low prevalence of 
dyslipidemia (at least one or more abnormal lipid profile tests; total cholesterol, low-density lipoprotein cholesterol [LDL-C], high-density lipo-
protein cholesterol [HDL-C], and triglycerides) as compared with controls (n = 79 in Kemise and 61 in Kombolcha). Moreover, logistic regres-
sion model indicated that with the adjusted odds ratios, there was significant inverse association between S. mansoni infection and impaired 
fasting glucose (adjusted odds ratio −0.181, 95% confidence interval: 0.042-0.774).

Conclusions: Low fasting blood sugar and reduced prevalence of dyslipidemia in S. mansoni egg positive participants might suggest 
inverse association of S. mansoni infection and development of metabolic syndromes. Furthermore, large-scale studies are recommended 
to assess the role of S. mansoni egg and/or worm antigens in modulating the host metabolic profile and reducing the risk of metabolic syn-
dromes, including diabetes mellitus and cardiovascular diseases.
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Kemise administrative zone in the northeastern Ethiopia, 
reaches up to 89.6%.8 On the other hand, MetS, such as DM, 
is relatively low in the country. For example, according to 
reports of the IDF, the prevalence of DM in Ethiopia in 2012 
was estimated to be around 3.32%.9

Epidemiological data from the World Health Organization 
(WHO) as well as from the IDF indicate that MetS, such as 
DM, is relatively less prevalent in most African and Asian pop-
ulations where communicable diseases are more common, as 
compared with the developed world.10,11 Most of the data on 
the beneficial effect of helminthic infections against DM and 
CVDs came from animal studies,12,13 while the few studies on 
humans demonstrated an association between previous history 
of S mansoni infection and reduced risk of DM and cardiovas-
cular disorders.14,15 In the present study, we assessed MetS pro-
files of S. mansoni infected individuals in comparison with S. 
mansoni stool negative individuals from S. mansoni endemic 
and non-endemic sites in Northeast Ethiopia.

Materials and Methods
Study design and participants

A cross-sectional study was conducted from February to May 
2014, in Kemise and Kombolcha, which are located in the 
North Eastern part of Ethiopia at 325 and 376 km from Addis 
Ababa, respectively. The S. mansoni endemic area, Kemise, is 
special woreda of Oromia in Administrative Zone of Amhara 
Regional State. The city is located at 325 km northeast of 
Addis Ababa, with altitude of 1450 m, and surrounded by 
Borkena river basin. Incomes sources of the people are from 
trade, agriculture, and livestock productions. Irrigation is prac-
ticed for vegetables and chat cultivations. Studies indicated 
that in Kemise, prevalence of S. mansoni reaches up to 89.6%.8 
Both communities have fairly comparable socio-demographic 
characteristics, but differ in endemicity of S. mansoni infection. 
Kemise is endemic for S. mansoni, whereas Kombolcha is non-
endemic for S. mansoni infection.

Data collection

The inclusion criteria include individuals who were living in the 
specific areas (Kemise or Kombolcha) at least 5 years or more, 
age greater than 18 years, and not taking anti-helmints drugs in 
the last 6 months, while study participants had known MetS, 
including DM, CVDs, and other chronic noncommunicable 
diseases, such as cancer was excluded. A community health 
worker and a nurse at each study site were trained how to collect 
data. The health extension workers were given an assignment of 
going house to house, to identify eligible participants, and invite 
those consenting for interview.

After obtaining informed consent, data on socio-demo-
graphic characteristics were collected using a structured ques-
tionnaire. Stool samples were collected from a total of 181 
study participants and processed using the wet mount saline 

slide and Kato-Katz thick smear technique (one wet mount 
and two Kato-Katz slides for each study participant). As shown 
in different parasitological method comparison studies, Kato-
Katz has better yield on helminthes egg identification, and 
most recommend concentration method.16,17

Then blood samples were collected for biochemical tests. 
Fasting blood sugar was determined using a blood glucose 
meter (“mylife Pura,” Burgdorf, UK), at the study sites, and 
blood samples were further processed to determine additional 
biochemical parameters, such as insulin levels, and lipid profiles 
at the clinical chemistry laboratory of the Ethiopian Public 
Health Institute. Quality control samples were run and vali-
dated for biochemical tests, before running our study samples 
on cobas 6000 c501 (Roche Diagnostics GmbH, Mannheim, 
Germany).

Statistical analysis

Statistical analysis of the data was performed using SPSS ver-
sion 20 software. The associations between S mansoni infec-
tion and metabolic profiles were determined by applying 
descriptive statistics, including chi-square test, independent 
mean t tests, and logistic regression, both binomial and mul-
tiple regression tests. P values less than .05 were considered as 
statistically significant.

Ethical considerations

The study protocol was reviewed and ethical approval obtained 
from the Institutional Review Board, Aklilu Lemma Institute of 
Pathobiology, Addis Ababa University and from National 
Ethical Clearance Committee of the Ethiopia Science and 
Technology Commission. Moreover, the aim of the study was 
explained and informed consent obtained from all study partici-
pants. Appropriate treatment was offered to participants who 
were found positive for S. mansoni or other helminth infections.

Results
Of the total 181 study participants, 120 were from S. mansoni 
endemic area (Kemise) and 61 were from S. mansoni nonen-
demic area (Kombolcha). The prevalence of S. mansoni was 
34.2% (41 out of 120) in Kemise whereas none of the 61 par-
ticipants from Kombolcha were positive and were included as 
non-endemic negative controls. Those S. mansoni negative par-
ticipants from Kemise were also taken as endemic negative con-
trols. The mean age (SD) of the study participants was 36.8 
(14.6) years and 59.1% (107 out of 181) were male. There was 
no significant difference in socio-demographic factors between 
individuals from the two study sites. Moreover, determination 
of body mass index (BMI) and biochemical analysis revealed 
that S. mansoni positive study participants had statistically sig-
nificantly higher levels of mean and lowered compared with of 
BMI, fasting blood sugar (FBS), HDL, and low-density lipo-
protein (LDL) values, as compared with S. mansoni negative 
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counterparts (Table 1). Percentage of individuals who had 
C-reactive protein (CRP) values greater than the upper limit of 
6 mg/dL was higher in S. mansoni positives than in S. mansoni 
negatives in Kemise and Kombolcha (46.7% vs 27.4% and 
34.4%, respectively), as shown in Table 1.

Dyslipidemia is defined as the presence of one or more 
abnormal lipid profiles (total cholesterol, HDL-C, LDL-C, 
and triglycerides) among study participants. Accordingly, at 
least one or more lipid profile abnormalities (dyslipidemia) was 
relatively more common among study participants who are S. 
mansoni negatives, regardless of study site, as compared with 
the S. mansoni infected participants from Kemise (Figure 1). 
These abnormalities in lipid profile parameters were markedly 
different in S. mansoni positives from Kemise compared with S. 
mansoni negatives from Kombolcha (P < .05).

Results from logistic regression analysis demonstrated that 
individuals infected with S. mansoni were less likely to have 
impaired fasting glucose (IFG) results, COR = 0.208, 95% con-
fidence interval (CI): 0.06-0.64, compared with their S. mansoni 
negative counterparts. This inverse association of S. mansoni 
infection and occurrence of IFG remained statistically signifi-
cant after adjusting separately for age, sex, BMI, and lipid pro-
files (total cholesterol, HDL-C, LDL-C, and triglycerides). 
Moreover, in a multivariate logistic regression model that took 
account of all the pre-specified variables together (ie, age, sex, 

BMI, and Lipid profile), there was also significant inverse asso-
ciation between S. mansoni infection and IFG (0.181, 95% CI: 
0.042-0.774) (Table 2).

Discussion
The current study demonstrated that S. mansoni egg positive 
study participants showed reduced FBS, HDL-C, and LDL-C 
as compared with individuals who were negative for S. mansoni 
from both S. mansoni endemic and non-endemic sites. 
Differences in the blood sugar levels between S. mansoni posi-
tive and negative individuals were statistically significant, and 
these differences were still significant after adjusting for sex, 
age, BMI, and lipid profile (total cholesterol, HDL-C, LDL-
C, and triglycerides). On this study, all samples were freshly 
collected and directly evaluated the association of blood sugar 
and lipid profile tests in S. mansoni stool positives versus stool 
negative study participants.

The finding of this study was in line with a study conducted 
in China, by Chen et al,18 although their study was carried out 
on previous history of S. mansoni infection. The inverse asso-
ciation of S. mansoni infection and blood sugar values is mostly 
immunological. S. mansoni infections are generally divided into 
two broad stages: an acute stage and chronic stage. The acute 
stage, which occurs from exposure to cercariae, migration of 
immature worms to tissue deposition of eggs, whereas the 

Table 1.  Socio-demographic characteristics and biochemical features of study participants with or without Schistosoma mansoni infection, in 
Kemise and Kombolcha, Northeast Ethiopia, 2014.

Variablea S. mansoni positive, 
Kemise (n = 41)
Mean (SD)

S. mansoni negative, 
Kemise (n = 79)
Mean (SD)

S. mansoni negative, 
Kombolcha (n = 61)
Mean (SD)

Age, year 44.2 (11.6) 39.9 (16.4) 28.1 (8.6)

Male, n % 24 (58.5%) 40 (50.6%) 43 (70.5%)

BMI, kg/m2 20.4 (4.0)b,c 23.5 (3.7) 24.3 (3.9)

FBS, mg/dL 94.0 (16.4)b,c 114.3 (36.9) 105.2 (26.5)

Insulin, µmol/mL 15.2 (11.6) 12 (19.8) 11.1 (10.4)

CRP >6 mg/dLd 14 (46.7%) 20 (27.4%) 11 (34.4%)

Systolic BP 127.1 (12.5) 129.1 (24.5) 125.0 (15.9)

Diastolic BP 82.8 (9.5) 80.5 (13.7) 80.6 (14.2)

T-Chol, mg/dL 175.6 (156.5) 176.8 (47.9) 199.4 (81.3)

HDL-C, mg/dL 32.2 (7.9)b,c 36.9 (10.4) 38.2 (15.5)

LDL-C, mg/dL 96.4 (38.3)b,c 116.3 (43) 106.6 (39.3)

Trig, mg/dL 133.6 (89.4)c 118.2 (75.3)e 240.1 (243.1)

Abbreviations: BMI, body mass index; BP, blood pressure; CRP, C-reactive protein; FBS, fasting blood sugar; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; T-Chol, total cholesterol; Trig, triglycerides.
aAll continuous variables were presented as mean ± SD, whereas categorical variables were presented as number (proportions).
bSignificant difference between Kemise S. mansoni positive and Kemise S. mansoni negatives (P < .05).
cSignificant difference between Kemise S. mansoni positive and Kombolcha S. mansoni negatives (P < .05).
dHumaTex CRP test kit, Human Gesellschaft für Biochemica und Diagnostica mbH Germany.
eSignificant difference between Kemise S. mansoni negatives and Kombolcha S. mansoni negatives (P < .05).



4	 Microbiology Insights ﻿

chronic stage, starts after egg laying at around 12 weeks of 
infection, and may last up to 40 years.19 As studies indicated, 
inflammatory cytokines (Th1) produced during acute schisto-
somiasis, as well as cytokines produced during pre-diabetes 
stages of DM (tumor necrosis factor [TNF], interleukin 1 [IL-
1], and IL-6), have similarity. But, during the chronic stage of 
schistosomiasis, the concentration of Th1 cytokines is gradu-
ally decreased and substituted by Th2 cytokines, including 
IL-4, IL-10, and IL-13, that do have regulatory, and antagonist 
effect to Th1 cytokines.20,21 Thus, chronic schistosome infec-
tions may have a potential to reduce blood sugar levels and 
hence either delay or prevent occurrence of MetS, as well as 
DM, by antagonizing or suppressing the respective subclinical 
production of pro-inflammatory cytokines. Moreover, a study 

by Hussaarts et al22 also indicated that schistosomal soluble egg 
antigen (SEA) stimulates white adipose tissues and shift 
immune balance into anti-inflammatory macrophages (M2) 
pathways, which improves insulin sensitivity and maintains 
homeostasis of glucose; this in turn might protect occurrence 
of MetS.

Moreover, the occurrence of dyslipidemia in the current 
study was relatively low in S. mansoni infected participants as 
compared with non-infected ones. This concurs with studies 
done by Dimenstein et al,23 Assaad-Khalil et al,24 and Martins 
da Fonseca et al,25 which showed occurrence of low lipid profile 
or dyslipidemia in schistosomiasis patients as compared with 
control groups. Since there is no de novo synthesis of fatty 
acids by schistosomes, the parasite fully depends on the host for 

Figure 1.  Occurrence of dyslipidemia among study participants with or without Schistosoma mansoni infection from Kemise and Kombolcha, 

Northeast Ethiopia, 2014. The occurrence of one lipid abnormality (total cholesterol, HDL-C, LDL-C, or triglycerides) in the groups was compared with 

the occurrence of 2, 3, or 4 lipid abnormalities within the different groups. SM indicates S. mansoni; Kem, Kemise; Kom, Kombolcha; abnorm, 

abnormality.
*Significant difference between SM+, Kem and SM–, Kom in 1, 2, and 3 lipid abnormalities (P < .05).

Table 2.  Crude and adjusted effects of S. mansoni infection in Kemise on the likelihood of being diabetic.

Variables OR (95% CI) P-value

Crude effect of S. mansoni infection on IFG 0.208 (0.06-0.64) .007

The effect of S. mansoni on occurrence of IFG
after adjusting for:

  Age 0.209 (0.065-0.672) .009

  Sex 0.214 (0.069-0.666) .008

  BMI 0.237 (0.074-0.752) .015

  T-Chol 0.211 (0.068-0.659) .007

  LDL-C 0.257 (0.081-0.812) .021

  HDL-C 0.226 (0.072-0.706) .011

  Trig 0.184 (0.05-0.588) .004

  Age, sex, BMI, and lipid profile (T-Chol, HDL-C, LDL-C, Trig) 0.181 (0.042-0.774) .021

Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; T-Chol, total cholesterol; Trig, triglycerides.
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its fatty acid supply. Nevertheless, once the fatty acids enter 
into the parasite from the host cell, schistosomes prepare their 
own unique fatty acid and lipid. Among the different roles of 
these modified fatty acids and lipids in schistosomes, stimula-
tion of immune regulatory cytokines, such as IL-10 by host 
cells, is mentioned.26 Moreover, since schistosomes are solely 
dependent on fatty acid utilization from the human host, this 
may help the host from excess lipid accumulation in blood ves-
sels, and so may prevent occurrence of atherosclerosis.27 Thus, 
S. mansoni being fully dependent for its fatty acid and lipid 
sources on human host, indirectly favor the host by protecting 
MetS, including type II DM.

Conclusions
In general, the present study demonstrated that occurrence of 
low fasting blood glucose and reduced prevalence of dyslipi-
demia in S. mansoni egg positive participants might suggest a 
protective role of S. mansoni infection against the development 
of MetS. Furthermore, large-scale studies are recommended to 
assess the role of S. mansoni egg and/or worm antigens in mod-
ulating the host metabolic profile and reducing the risk of 
MetS, including DM and CVDs.
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